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(57) Abstract: 

PURPOSE: To provide a control method using a sliding mode 
control system which can suppress the chattering of the 
control state set by the sliding mode control system. 
CONSTITUTION: In a servo control system 11b, a sliding 
mode control system 3 is applied for calculation of a 
torque z applied to a motor system 2 so that the errors 
e and e' between the target values 6 6 and 6 6' of a 
rotational angle 0and a rotational angle velocity 6' of 
a motor of the system 2 is approximated to zero. Then, 
the disturbance value 6 is calculated by a subtractor 7 
from the estimated output (JA0"+CA) obtained from a 
model 4 and the torque r. The control conditions can be 
decided for the system 3 based on the disturbance value 
6 and therefore the control gain of the system 3 can be 
minimized within the range of the control conditions. 
Thus, it is possible to suppress the chattering of the 
system 3 caused by the control gain. 
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6 j = J ' 0" +C ' - r 
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- (2 7) 

ft j ' fl" +C ' fc±EM«ft*«r£frS. £3 (2 
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g?2MBHIM». C ' ttlttl«HflMt^«T»&. 
[§it#JB 3 ] $fJ»S<D^II$ 0 fcifi:***fc«>©IMW 

' 6>" +C ' £±KM«Bftg t <hfr 5 . fet (2 7) 

J ' 9" +C ' - r 

[ffl#J8 4 ] (MfliaoBit ft 0 fcifitfttSfcftOMffl 
ft J ' 0" +C ' fc±EfiIWB^« r tfr tat (2 

7) capT ftattggj&aan. ±esa?$nfcfl.a 

6j _= J ' 0" +C " - r 
Z\Z\T. J ' ttff tttPtelffig. 6" ttft~»<PllCft|g 

<p 2 Bueaaft, c ; aimggii&ig&a, 

[0 0 0 1] 

t«*±©ipjffl»»] mz.ti.uxy bom 
zmmtz*:- f><D&o\zny*-f> miff*.* < im 
&gmz^ts$m*i%^<DtiiJ3\z®&x.®ft*m\-r2> 

mmrnzm, mzMm<Dfr?v>if&mM-r2>z.£ 

[0 0 0 2] 

Sfes6. PiDtt»c«fcoTtt»tt*fcl6WSfr5;:i 
ft £7?. ±ELfc<fc5ftX7-f7 i W , >^ ; & 
- KMMfaffiM3nTfr>«. ±BLfc«fc-5&--)K«& 
X7< f-f >^ft- KHfg* 2 3 
2 0, 2 1, 2 l a ft07. 08, 09(^1-. H&W 
&X7-fr^ >^ft- KftMStt. H^*->X^A^ 

i/c*$?). ^TBafafcraassnsft-* 

J 0" +C=r +D - (1) 

x : V)l>7 

c : g& • tttt • a*. • n ij * >j • mi]j%$<D4mmm 

D : ftSlJB 



]38L2X*afit&,_.£9Wu ±ES»*nfcna*i 

4 _lcS^T±E^7'f7 ; 'C >^ft- K(MW*OW»y 
•f >ftft!Tt£<!:<!:t>(;:, ±EX5M'x-r >fft- KM 
»*CJ:*IWWi*llLL©±E*l»»*^OtB*«W* 
±E*Va*i a _©S0W»!J: 0 IftJfcUfc^tft 
WRtr*X5'frw >fft-F*W*ftHHfc«»tF 
ft. 

•• (2 7) 

fig ji 1 _*na«e*^''tf-/ticA* L.-c*a*£H£_i 
ft##, ±E*ft6nfc5i-a«jt«tiit±Enaft5. 

wwyoftftj&rsttfcK. ±ex^<x^>^ 

HMs±B^aietfitiit±Ena«A a _tois«!)jR 

* >^ft- HttW6ftJBV»fc»l»E»flu 

_ (2 7) 

»4«3t«**n**UW. ±EfttJ— #«f»*2 0-2 

<Dftnfttl<D§«lfit0 d , fl d ' Kl*rr*Ri6e, e' 
ftOCifi:*tt*J:3fc. iEX^-Tx-f V^-HIWW 
&2 3^ ; E-^->7.T-A2^(D$iJfflim^fi|-C^-5 KU^ 

3W3. IJ— *K«*2 0tt. l»tt«5R6IC 
J:0aWSnfc««a*KJ:oT±EX9'f5*^ >^ft 

l^iffcftSlCES.fcSKftoT^-S. Sfc. +t— 

* 2 1 £tt±Eft-* vX^A 2 ft. tt*.t*e&Hft« 

© : Ex^4^e.©«I^Hl7J J * 9" +C " t^E-^vX 
rA 2 'vO N^^7 r t<DmtfiWM& 7 t«fc 0S^$nT 

nae 6 1 ursdjan*. ^©^afii a ti^a*^ 

^if-A* t LT©7 w M 5 C <k o TUMtSttTrtSLII 
«fit<5 d©^a«^<16 * fC«t-3T±E 

X7-fx^>^ ; E-K©lffll^2 3^b : E-^yXfA2 

[0 0 0 3] ±E1J— #WW*2 l a «, ±Ebfc#iT 

-*w»2o, 2i\zmzimmm%6, trf 
4, ^gi§7, 7^;^5ftm^-B-^dttc«to. ± 

^etlT^S. ±127. >^t- KMffJR'2 3 

m ^^c^a*D^m«ic^tLTt>, 

%©«ftftaittL. ±EKlle. e' ft0(CL-T*3<- 

2lC*fTSK^->X7 L A«, 

J e" =r- J (9 d " -C + D - (2) 
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r = v + | - (3) 

tUZ>. Z.tl\Z&0. (2) Si^MvXxAti, 
J e" = v+E - (4) 

E=£- J 0 d " -C + D - (5) 

tSKStli. CLJIT, ±MW®\-t>Z* (-J 0 d " 
-C + D) iZ*l?Z>®®At>t%Z-tUl. (5) 5t©E 

fltSHSEtiK^e. e' KBBT5JRE D e, E v e' t 

v=- (K c +K D I e I + K V 
fit, sgn (x) tex^O&£tfl ©<!£*>*. U x 

[0 0 0 4] K c . K D , K v tt, 

V = S 2 /2 

gKe^ns. ±smtkvamim&v' «, 

v =SS' 

= S (e" +Ae') 

= S (J e" + A J e ' ) / J 

= S (- (K c +K D I e I +K V 



E = E C +E D e + E v e ' - (6) 
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J e" =v + E c +E D e + E v e' -(7) 
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S=e' +A e - (8) 
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) • s gn (S) 



+ E C +E D e + E 



+AJe')/J 



£ I S I (- (K c +K D I e I +K V I e' 
+ I E D I X | e I + ! E v +A J I x | e 

= I S I ( ( I E c I -K C ) + ( I E D I - 
+ ( I Ey + A J I -Ky ) I e' I ) /J 

tut, smmn >K C , K D , K v £, 

K c ^ I E c I 
K D ^|E D I 
Ky ^ I Ey +AXJJ 

tu cne.©^a*^-rn«, (id 5£©w& 

v ^ i s i ( ( i e c i -k c ) + ( 

+ ( I Ey + A J I -Ky ) I e 
£ 0 

- FIWW**fTf *fcafr©H80U 777 7K&T&* 
C trtW*. ±EU 77*7 7W8cVtt*CIET*>MI 
tfO.Ti&O. fcLV ^0T*n«U77y7l5^V« 
S->0 (t-K») 

jWifltsn. «oi»ft s a< o ic&ntf . 

e ' =-Ae 
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I) + I E c 
' I) /J 
K D ) 
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I e I 
(1 1) 
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) 
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- (12 b 
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- (1 3) 
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0O-)6©j6»M»CJ:-3T»0t«n*. BPS, U77" 

/7©^s«to, ±e««a»s»aiiifi3feie-c»i). 

- (1 4) 



ttSC ( (1 2 a ) 
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Tt. ®Cte&St«KMt!KgScE c . E D , Ey ©±TBg 



- (1 5) 

>K C , Kp . Ky £K5miW!J:K 
[00 0 5] tCSTf, 08©1f-^J^2 1 Cffl^ 

tf * * 7 -f - K A*<y 7 LT±8S^SL«1 5 ©i*«£ 

<*W¥ifcT»*. dd-rn, (i) 5£T*sti 
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J ~6_" + C " = r + a 
6 = D- A J 0" -AC 

ddT. J *. C " :fflttJ, #*»*C©afMIXtt 
(KfcJ/^*-*) 

A J (= J - J " ) : «tt J ©*7\>WHRB 

ac (=c-c"> : immmc^^Mtm^ 

5 " =co (J "6' + J (C "- 

±E*a«s£«tf * tna«a t©H«tt (i 9) a© 

6 " =10/ (s +co) X (J " e 

= co/ (s +co) X 5 

ZZX, s : 7 7^X8^ 
[0 0 0 6] ^LT, na^fi<5 co/ (s + 
co) *UO«SlCi«)5-r^)i:V^iR*#tttC«i:0^afil5 
r = u- 6 ' 

zzx, w.mwme, 0'£gmfii0 d , e d ' \z* 

tl?tl&mt£ii:Z>tzib<DXl3ttt.Z. *ZX. (16) 

J " 0" +C~ = u+ (5-6 " 

::©£#, 

d (D-A J 6" -AC) /d t 

& e «, ±te^a«s a \m&mj£m a * c J: o * + >-t 

J " 6" +C " =u 

u = J " 0 d " -G v e' -G P 

^JIT-, G v :SS»y^> 

g p itteyy-o 

J " e" +G V e ' +G P e = 0 

0 ©ttlCJRStf*. ft. H«©*J«£LTtt. ±IBX7 
-f >y ; E- KMfMlc i^Ttf-f x-->*©^i!> 

*«*rr * <t t t)tc^att^^-A-ic«to t*8i$ 

C3Jx.tf#ffl¥2 - 2 9 7 6 0 S^iiffiCWjSSttTH 
■5. ±EW*Ot^#«!»*K«t*ltf. (8) Jtl^L 

fc«««ft s t i^Fiwt*i*tto««aa»*ffi«r»T. 

U7^7W»V (=S 2 / 2) ©«fW«»V' Atflt 
[0 0 0 7] 

WW*»«HfclxJ:5tr«liym JJBL&J:5e. 

<f-f >y ; &- kmmi 2 3 icktttf. snwictena 

WocAT 2 K c /J 



- (1 6) 

- (1 7) 

-ra&**irr. c© (16) 

rAJinaWDOteKWWbKttAJ, Ac©K«t> 

^*t, aawaffitLTftfrftT^a. c©t-^v 

dt) -(18) 



+ C * - r) 



(1 9) 



\zm.vxff<. zzx, ±&is^.mo ' ^m^x 

- (2 0) 



(2 1) 



= 0 - (2 2) 

;P£*U>©T', (2 1) a©*iaJB2 3«ttOd:«tO, 

- (2 3) 

"*C " HS^A^>n-5©-c?, ±IB ; £-^vXt-A2© 
ttffl*«##fc*ftfc&<&. «*.«, ±fBA2;u£, 
e+C * - (2 4) 

ttnii c©t*©eai5'XT-Att. 

- (2 5) 

7+ a if^mmmmz^ ximm?% z twxzu 

K foT, u>\da.-9 (CPU) SfSlWfcf-fy 

^;i/St©*!ifflifli«s»r«to*asnTVi'5. -?-©fc«>, * 

±f2X^<x^>y ; E-KIWaf*2 3C±ntf, 

1*>:/U>yHfflAT«©«flfcl3^Tx 
V 9 U > ^ t Sft **/WaW*3e4f 4. ±12 bfc<fc -5 

«WC#RUT^*V»©tt. ±BLfc«fc5fcx>* U > 

ys**^HT*$.-5. ±ibx^ * y >9<nwm<Dm$±. 

WIATC(W!FlxTt»*. US, ±BW6e-t»e' tfft 
/Mf&ntf, (9) 3©miU:0fflM8ftr?&*h 

ji^roT&fttXflgH*. o) scat; «) 

»)©«BWte. 

- (2 6) 
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HfflAT*ffl<-r**>, rtW4±EIM»y-r >K C Svh 

■=>, 1t>^'J>^»3ATtt±ffiCPU(0SE»^fg«IC 
fiHLTfi<-r*fc»K:ttlH»*«*4. ±EM«f 

y-f >k c li&ftit ( (i 2 a ) so ctoTJfiiwsn 

TfcO. ffl#::©&ft:££^;fc-rfc©lc, ±E««y-< 

[0 00 8] Z-tlit. ±Bftfr5S ( (1 2 a ) ~ (1 2 
c ) 50 <P©&ffi«iSfl&§5:E c , Ej , Ey ©ffl*^ 

<5g_= J " 0" +C * - r 

afit 6 a_$MiMfe2ir 7 -f - H/ty jr-r* 

6ns. ftfc, (2 7) 5$f;:£^Tigg$n*:flatt5 

a_i (17) afcwLfc*a«0£J±*HWKttffli;£ 

#*. *»Kttc p u*tswt siercRiiffii 

*T.3?££ DSfcfelC^'>CDX D -5©T. ±E (2 

7 ) 5$c£oTstJ¥sft/^am_±E&syii 5 <t« 
gffi LT^agg^jiEabT^a. £ c 57?, ( 2 

7) 5»»6WS*^J:5C. ±B«W3*i&*atta a 

g0" ■^kJH? r**«7^-H/Xy^f -SJliKa: 
0, ±E-9->7"'J>y»0<fc'5l', 4>bt?t>B*ll*ra 

Art-ante**, tote®, ±Ena«^^7*-if-A* 

«, (2 0 )*$©,£ 5 K, (2 7) 5£K:7^;k$'5£ft 
ffl$-B-T^aS:«ISbT*0. C©7^;^5JCJ:oT 

3«ttt*ffoTv»fc. £©«fc5ft?iE&-e, &#©-*- # 

[0 00 9] 

\z, ^lrofgWSffl-TSifcS^gtt, *-©gg£ir 
S t:5id<, flffft©££££ 0 CiB^t*fc»©iWW 
^ 0 ffiC«W»«©IW»K«««R«r * J: 5 K, ±EM 

ft©<w«ttt«»rarsgyfr ©«fefrfflft j ' 0" +c 

HKMWW^itrfafrft . ±it (2 7) t-fc-sT ft 



±E*#Ste*tfcf d <k36*T*ttt»©T»4. *©fc» 
±ELfc«fc 5 tc^-v ? 'J ytfifiXt <tz*tt%\z, ffl 

'fflhm*>B<uz. mn, ±.mn-fLmfe*-7-$-mzM 

LTIt (2 2) 55C*3lt5<R)£ (6' =0) tffflmt 
±E^a® 6 tt-HRC-JTCttltc^fc©, *©P* 

e" ©»fc*najgD*#*»jgc©j8&£r watts 
c:tittna«i«^7*if-/t© (20) icic«fco^a^n 
^affl5H7^;^ (w/ (s+o>) ) 

3. *©fc*. «WM0±E51.a««©«fcK:J;-3T 

«Da»s*ti;TU*5it««ft«. jit, ±Ena 

*«^7'-y s -A'S:ffl^S^t)0 (C, 
- (2 7) 

mfctztzMz, w,2<mmw%Tz-&zttwe&, 
fc©©««r^o ffic«i»»*©iwii«jB3j«Rj|cr*«t 

±E«W*ft^©iH»»^it£««U.Ta*-r* 
T, ±E$iJffli^©0lffllttj8^«ST^» ; &x;PA^©Jt 

jj j • 0 " + c ' t±Mum^m. v t& ■=» . ±a 

(2 7) i:toT Mi5^IIL. 

na<ij. a _&Ha}ts^7'-9 : -/N'(cAt/ bT^a«i€fi 
Al^*©. ±E*»6nfc^a*tj£ftiJ.t±e^a 
^5 a _t©nirstJ^T±EX7'f t-y mm 

%tz±tzz^mt, ^ogmt-rztzztf, mmm 
ammz o cfi^»t4fcje>©«fflir ^offiK«»»ii© 

»IAW5J;5 ic, ±EMW»ft^©lWIWB* 

^»&*W*ttC*t»T. ±E*Jffll^©ftiJWffi : &^a 
•Tjb^; b©^M^ J ' 0" +C ' fc±EM««^tt 
xi*> ■=> . ±it (2 7) i:foT Mfflg L $iI b, 
±E»g^nfe^-afi^ a _lcSo'UT±EX7 : f r-f > 
i^E-FIH»*©ltOTy'f>£*J&*S£it>K. -tE 
X7<t^ >^t- H«»3Rlc«t4«Wffi^« r ©±E 
«fl»*^©ffi*H«*±B*l-a«A | _©JSW«»l«t 0 

t, ±EB«*adrr*fc»c. *4©»p»««j8-r* 

ifcS^gtt, ^©gg<!:-rsi^5^, *i»*©^M 
1 0 lCifi-p*ltSfe©©$iJ^-r^ 0 SlzMff^ft©MI»K 
tt*««JW* J: 5 fc. ±ffiM*»*^©IWIIfi*«*» 
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TJifrmimmij j. ' e" +c • t±RMws*t*t 

kfr* . ±3 (2 7) KgpTfl a.«flj_«tgL. ± 

«£T*X7-f >f HM»**ffl^fclM»*tt 
[0 0 10] 

[fWH] ±BWlfl!)3MlC«*X5-f5 f -f >^^-KM 

ttttfeaffi-j-a^yji ^)«tfea* j ' e" +c ; fc±c 

fflftfi^ttx £ A> ±a (2 7) KffraT^ gJU^ 

^^ttcto, aa^aj^aziz m^fiftk^ 

f*i:£tf*T*S. -tots*. iEWWy-fXcttirr 
•5$ip05 1 -v^ , J>^$rJfll$iJ-r'5^<i:^T^-5. BE&© 

e = j * 0 d " +c " -5 " 
' mmmtrz z. t c £ o ^att^^SL<i^a_i^a«i 

fgHJIc&ST.^'fxV FIWW**flJtr»fclHtt* 
-f X^-fx-Od^E-H** 
0i)A«C P U®8Wli*OflF-rttHl*iT±Enatt a_a_ 
^©A^SfcLhlSX^-rx-f >£*E- FMff*CJ:«M 

UTtt, ±E8 2 0«9I£ W«K±E3IC± 0 ±BX 5 
"bC. X^xV^t-FMiWCiSttWB**!. 

[0011] 

fc»ISfler>*M!IU *BW0S*K{IWS. M. £1 



»TS£->XxArtqregflrr&d<. ±B*a«tf 3 jE 
ft. feBttBflffMfcttttU %%£LT-i<«fcifliil&© 
±E*2 0«Wi«SA5<xV>^-F*»l 

jR*fflt»fci«ii*ftc*^»Ttt, ±em i ©ague** 

-f >©<I«m l ©«PIK:«s«»x*-r >i 0 fc/hS&fc 
©*1»*cfc3jtT#*. tot, ±BW»o?^^u> 

mS-hittcffil&tTZ C £K<fc 9 . *H»$M&&£/Jn£ 

- (2 8) 

It, El«*^(D-^ffi0iJ(^^>7 l 7'rT ; 'f>^ : &- 

-#IWi|*ft«r^n?/i'H, B3ttB2©1i--jfflH» 

wf^nyirB, B4ttBl©U— #«»*fc«3l-a 

*flEt*t^Oy?H, B5J4B2WJ— *B»*t« 
V • ffl*fl»!S«*.*fc«>©*-r yx£«;ifc1r-tfSiiJ 
^^©»fi£^^-r v V H, B 6 «B 3 

-#«W*©*»«ft*r^DyirB"T?*«. fflU B7 
7S5H 9 \Z7jkLtz±.fcft*<DV—#fam% 2 0, 21, 

2 i a t&&?%gm\z&, w-o«»*«fl"r*tt 

"0" +C "i, ±te : E-^v7,T-A2ili©I5I 

esse, mea&ffi0' (*n-6mw»«) t^tie, 

K»lW'5B«ll0 d . 0 d ' tWKMe, e' [cS^ 
1>TX7<t^> F ©CT^ 3 K<fc 0 $ tl±M 
^-^■>X7-A2^m^^n-5 bik^ r Mffi^M) 
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